A new and simple synthesis of 2-arylethynylindole and 2-arylethynylpyrrole is described. N-Deprotection and subsequent base-catalyzed elimination of N-tosylheteroaryl benzyl ketones are the key steps of the process.
The tosyl group has been one of the most commonly used groups with which to protect, activate and chelate indoles for lithiation at position 2. 1 In the course of one of our synthetic programs, 1-tosyl-2-(p-methoxyphenylacetyl)indole (1a) was prepared in excellent yields starting from Ntosylindole by 2-lithiation, transformation of the resulting 2-lithio derivative into the 2-trimethylstannylindole derivative 2 and, finally, Pd(0) catalyzed cross-coupling with p-methoxyphenylacetyl chloride 3 (Scheme 1).
However, attempts at the N-detosylation of 1a, in order to obtain the indolyl ketone 2a, using potassium hydroxide in either methanol-water or tetrahydrofuran-water solvent mixtures, were unsuccessful: short reaction times furnished only starting material whereas stronger conditions, longer reaction times and/or higher temperatures led to degradation. 4 However, when the reaction was run in N,N-dimethylformamide (DMF) with potassium hydroxide at 80°C, an unexpected product was formed. The 1 H NMR spectra of the product contained peaks with the characteristic shifts of 2-indolyl and p-methoxyphenyl ring protons, but lacked the tosyl group proton signals and, surprisingly, also lacked the methylene singlet peak characteristic of 2a. The absence of the benzylic protons suggested that other transformations must have had occurred in addition to N-deprotection. Moreover, no ketone absorption signal was observed by IR. The mass spectrum (m/z = 247) of the purified product indicated the loss of one molecule of water together with the loss of the tosyl group from the starting material 1a. The aforementioned data, combined with the observation of two quaternary carbons at d = 92.5 and 80.4 ppm in the 13 C NMR spectrum of the compound, led us to identify the product as 2-(4-methoxyphenylethynyl)-1H-indole (3a; Scheme 2).
A literature search for dehydrations of phenyl benzyl ketones to yield bisarylacetylenes only provided a few examples, all of which shared a common synthetic pathway: transformation of the ketone into an enol derivative with a good O-substituted leaving group, followed by basic elimination to give the bisarylacetylene. 5 Since no precedent could be found for the type of reaction described above with N-tosyl-2-indolyl ketones as substrate, we were keen to investigate the scope and limitations of this new route to aryl heteroaryl acetylenes, 6 To discriminate between the two mechanisms and in order to investigate the importance of the N-tosyl group and/or the reaction solvent, several experiments were carried out using the two sets of ketones shown in Figure 1 . Set 1 contains the tosylated indole described above (1a), heteroaryl benzyl ketones without the tosyl protecting group (1b and 1c), aryl benzyl ketones (1d and 1e) and the aryl ketone 1f. Set 2 contains the N-tosylheteroaryl benzyl ketones 1g-o that differs in the heterocycle (pyrrole or indole) and in the substituents on the benzyl ring.
The N-tosylindolyl ketones 1g-m were obtained using the same method described for compound 1a, indicated in Scheme 1. However, this method did not work for p-nitrophenylacetyl chloride and ketones 1n-o were therefore synthesized by direct condensation of the 2-lithioheterocycle with the acid chloride. Ketones 1b and 1c, with unsubstituted pyrrole and N-methylindole rings, were prepared by direct acylation of the heterocycle using aluminum(III) chloride (AlCl 3 ) or diethylaluminum chloride (Et 2 AlCl) 8 as catalysts, the latter of which provided for a more facile workup.
The results of the study are summarized in Table 1 . Ketones 1b-f, which do not contain an N-tosyl group, were treated with KOH in DMF under similar conditions to those used for 1a. In all cases, the starting material was recovered after 1-3 hours of reaction, whereas decomposition compounds were obtained with longer reaction times (entries 2-6). Compound 1f was used to test if increasing the acidity of the a-protons favored enolate formation and/or subsequent formylation. Again, the starting mate-rial was recovered after 24 hours of reaction at 80°C. These results were the first indication of the importance of the N-tosyl group (Scheme 2, path b) for the success of the reaction.
Treatment of pyrrolyl ketone 1g with KOH in DMF afforded pyrrolylacetylene 3g (entry 7) in only 19% yield, whereas use of a stronger base (NaH) increased the yield to 93% (entry 8). To determine if this stark improvement was general, ketone 1a was reacted with sodium hydride (NaH) in DMF. Acetylene 3a (entry 9) was thus obtained in 82% yield, underscoring the importance of the base. The ketones 1g-o are N-tosylheterocycles that differ in their respective heterocyclic rings and in their phenyl substituents: compounds 1a and 1g-i have electron-donating groups, compounds 1l-o have electron-withdrawing groups and compound 1j and 1k have unsubstituted phenyl rings. When ketones 1g-m were reacted with NaH in DMF, the corresponding acetylenes 3g-m were obtained in good to excellent yields (entries [8] [9] [10] [11] [12] [13] [14] [15] . In contrast, reaction of the ketones 1n and 1o, which have the strongest electron-withdrawing substituents, gave the detosylated ketones 2n and 2o, respectively, and did not lead to any substantial amount of the desired acetylene derivatives (entries 16 and 17). Treatment of 1n and 1o with KOH in DMF afforded the deprotected ketones 2n and 2o in 96% and 58% yield, respectively (entries 18 and 19). The results obtained for the p-nitrobenzyl ketones could arise from the effects of the strongly electron-withdrawing nitro group, which decreases the nucleophilicity of the enolate and favors deprotection through nucleophilic attack on the sulfonyl.
These results clearly showed the importance of the N-tosyl group for acetylene formation. We then assayed the reaction of 1a with NaH in a range of solvents in order to consider a mechanism in which the enolate reaction was solvent dependent (Scheme 2, path a). Dimethyl sulfoxide (DMSO), N,N-dimethylacetamide (DMA), dichloromethane, N-methyl-2-pyrrolidone (NMP) and dimethoxyethane (DME) were thus evaluated as solvents. The experiments were performed at 80°C and monitored by 9 after three and five hours. Only starting material was observed when CH 2 Cl 2 and DME were used as solvent, but 3a was produced using DMSO (product isolated in 64% yield), NMP (54%), and DMA (37%) after five hours of reaction.
In summary, a new procedure for the synthesis of arylethynyl heterocycles has been developed. The procedure comprises heating readily available heteroaryl ketones with NaH in DMF. It was found that the 1-tosyl-2-heteroaryl ketone general structure is essential for the elimination step, as none of the ketones lacking a tosyl group (1b-1f) provided the corresponding acetylenes. The mechanism for acetylene formation does not appear to be solvent-dependent; however, DMF was the highest-yield-ing solvent tested for the formation of acetylene 3a, followed by DMSO, NMP and DMA.
Reagents and solvents were purified according to the literature. 10 Melting points were determined using a Büchi Melting Point B540 apparatus in open capillaries and are uncorrected. 1 H NMR and 13 C NMR spectra were recorded on a Varian Mercury 400 MHz spectrometer in automatic mode. Multiplicity of the carbons was assigned using DEPT and gHSQC experiments. Multiplicities of 13 C and 1 H NMR are indicated with the usual abbreviations according to off-resonance (for 13 C NMR) decoupling: (s) singlet, (d) doublet, (t) triplet, (q) quadruplet, for 1 H NMR: (m) multiplet and (br s) broad singlet. Spectra were referenced to an appropriate residual solvent peak (CDCl 3 ). IR spectra were obtained on a Thermo Nicolet FT-IR spectrometer. HRMS were performed on an Agilent LC/ 
Synthesis of Ketones 1n and 1o; Typical Procedure
A solution of N-tosylindole (444 mg, 1.6 mmol) in anhyd THF (5 mL) was cooled to -78°C and t-BuLi (1.7 M in hexane, 1.1 mL, 1.8 mmol) was added dropwise. The reaction mixture was stirred for 30 min and then 4-nitrophenylacetyl chloride (659 mg, 3.3 mmol) was added dropwise. The solution was allowed to come to r.t. and stirring was maintained for 3 h. The mixture was quenched with sat. aq NH 4 Cl (5 mL) and extracted with EtOAc (3 × 5 mL). The organic phase was dried over anhyd MgSO 4 , filtered and concentrated under vacuum. Purification by flash chromatography on silica gel (hexane-EtOAc, 85:15) afforded 1n.
N-Tosyl-2-(4-nitrophenylacetyl)indole (1n)
Yield: 479 mg (67%); yellow solid; mp 162-167°C (MeOH). 
IR (KBr

1H-2-(4-Methoxyphenylacetyl)pyrrole (1b)
Et 2 AlCl (1 M in hexane, 11.2 mL, 11.2 mmol) was added to a solution of 4-methoxyphenylacetyl chloride (2.3 mL, 14.9 mmol) in anhyd CH 2 Cl 2 (30 mL). The solution was cooled to 0°C and stirred for 5 min then pyrrole (517.1 mL, 7.5 mmol) and 2,6-lutidine (1.7 mL, 14.9 mmol) were added. The solution was allowed to come to r.t. with stirring for 8 h. The crude reaction was quenched with H 2 O (30 mL) and the organic phase was separated and washed with aq HCl (2 N, 2 × 20 mL), sat. aq NaHCO 3 (3 × 20 mL) and brine (20 mL 
2-(Phenylethynyl)-1H-indole (3j)
Mp 149-152°C (MeOH). 
IR (KBr
